I 



D7 



(U) INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(19) World Intellectual Property Organization 
Intexnadonal Bureau 

(43) International Publication Date 
31 January 2002 (31.01.2002) 



(51) latemational Patent ClDssificatiou^: C07C 2/00, 5/00, (74) 
ClOG 35/02. 35/04, 35/06, 35/0S5, 35/09, CI OL l/OO 

(21) International AppUcation Number: PCT/USO 1/2273 6 

(22) International FiUng Date: 19 July 2001 (19.07.2001) 
(25) FiUng Language: English 
(25) PubUcation Language: English 





I 



(10) International Publication Number 

PCX wo 02/08156 Al 

Aaents: HUGHES, Gerard, J. el al,; ExxonMobil Re- 
s^h and Engineering Company, P.O. Box 900, Annan- 
dale, NJ 0880 r (US), 

fSl) Designated States (nationai): AE. AL, AM, AT, AU, AZ, 
BA, BB . BG, BR, BY. CA, Oi CN, CU, CZ. DE, DK, EE, 
ES "n GB, GD, GE. GH, GM. HR, HU, ID, TL, IN, IS, JP, 
KE KG. KP, KR. KZ. LC, LK, LR, LS, LX LU, LV, MD, 
MG, MK, MN, MW. MX. NO, NZ, PU PT, RO, RU. SD, 
SE, SG. SL SK. SL. TJ, IM, TR, TT. UA. UG. UZ. VN, 
YU, ZA, ZW. 



(30) PrioHtyData: 

60/219.970 
09/897301 



21 July 2000 (21.07.2000) US 
2 July 2001 (02.07,2001) US 



(71) Applicant: EXXONfMOBIL RESEARCH AND ENGI- 
NEERING COMPANY [US/US]; P.O. Box 900, 1545 
Route 22 East, /^andale, NJ 08801 (US). 

(72) Inventors: BAIRD, William, Chalmers, Jn; 13343 
Highland Road, Baton Rouge, LA 70810 (US). KLEIN, 
Darryl, Patrick; 10252 WeOserbam Road, EllicoU City. 
MD 104-^-1682 (US). TOUVELLE, Michele, Sue; 7222 
Wickham Drive, Baton Rouge, LA 70808 (US). CHEN, 
Jingguang, G.; 321 Detjen Drive, Hoctessin, DE 19707 
(US)! 



(84) Desionated States f regional): ARIPO patent (GH, GM, 
KE LS MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, B Y KG, KZ, ^rD. RU, TJ. TM), European 
™ CAT. BE, CM, CY, DE. DK, ES. FI, FR, GB, GR^, 
IT LU MC, PT, SE. TR), OAPI patent (BR BJ, CF, 
CG, a, CM. GA, GN, GQ, GW, ML, MR. NE. SN. TD. 
TG). 

Published: 

— witii international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing al the begin- 
ning of each regular issue of the PCT Gazette. 




,54) Title: METHOD AND OVTALYST FOR OPENING NAP^NIC RINGS OF NAPHTHENIC RXNG-CONTrMNING 
COMPOUNDS 

(ST) A.s.n,c.-. Disclosed is a proces. for openin, naph.henic ^'^^^^^^^^^^ 

can be used in tha. process. The naphihene ring opening catalyst .s 7°'>™^'?^''^ .^^^^^^^ Ju^i selected £rom at 

preferred embodiment the naph.hene ring opening catalyst compr«cs Ir m f^^f^^^Ztl":;^^^^ , .eniarv carbon site. 
lea.si one of Pi, Rh, and Ru, in an amount eiieciive tor Dpeinns: a naphu.e,.e = ■ ■— " 



wo 02/08156 



PCTAJSOl/22736 



].^T Tinr» A N-B CATALYST FOT^ OPENING NAPffTHENIC RINGS OF 
NAPHTHENTC RING-CONTAINING rOiVIPQUNPS 



FTFXP OF TffR INVENTION 

[0001 ] This invention relates to a method and composition for opening 
naphtiienic rings of naphthenic ring-containing compounds such as distillate. In 
particular, this invention relates to tiie use of a catalyst composition comprising Ir 
in combination with at least one of Pt, Rn, and Rh. 



RACKGROTTNn OF TBE INVENTION 

[0002] There is an increasing demand for hydrocarbons boiling in tiie distillate 
boiling point range ("distillate"). Distillates typicaUy contain paraffins, naphthene 
and aromatics. For fiiel qnaHty parameters such as cetane number, gravity and 
emissions, paraffins are tiie most desirable components, foUowed by naphthenes, 
foUowed by aromatics. The least desirable are multi-ring aromatic compounds. 
There is also an increasing demand for paraffinic solvents arising from their low 
toxicity and biodegradability. Consequentiy, it is desirable to reduce tiie cycHc 
compound content of hydrocarbon solvent blends, in general, and to convert 
naphtiienes to paraffins, in particular. The general process of converting 
naphthenes to paraffins is referred to herein as ring openin 



[0003] Refinery processes that produce distillate fuels often have a limited 
capability to produce high quality and yields of distillate fuel. For example, 
conventional hydrogenation processes saturate aromatic rings to forni naphtiienes, 
thereby increasing die cetane number and increasing tiie API gravity (i.e., lowering 
the density). However, single ring and multi-ring naphtiienes have generaUy lower 
cetane values and are denser flian paraffins having substantially die same number of 
carbon atoms. The greater density of naphtiienes results in reduced volume of tiie 
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distillate fuel blend relative to compositions containing similar concentrations of 
paraffins instead of naphthenes. Hydrocracldng catalysts, typically composed of 
hydrogenation metals supported on acidic supports, are also effective for aromatics 
hydrogenation and for ring opening by cracking. However, cracking tends to make 
5 lower boiUng point products, includiag a significant quantity of imdesrred gas by- 
products, which lowers the overall boiling range and limits the volume of final 
distillate product In fact, hydrocrackiag products generally do not contain more 
distillate boiling range paraffins than the hydrocracking feeds. Moreover, a 
significant portion of the total paraffin concentraticn ia the final product of 

10 conventional hydrocrackiQg processes, including gas by-products, are relatively 
low molecular weight compounds that are outside the distillate boiling range. 
Thus, the apparent increase in distillate boiling range paraffins and improved 
distillate fuel quaUty may result primarily firom a combination of the hydrogenation 
of aromatics and a concentration of paraffins in a reduced volume of distillate 

15 product, the latter arising firom removing the undesired paraffin gas by-product, i.e., 
the low boiling point paraffin gas components. 

[0004] There is, therefore, a need for selective ring opening processes for 
converting single and multi-ring aromatic species, including alkyl functionaiized 

20 derivatives thereof into distillate boiling range paraffins without producing a 

significant amount of undesirable low boiling point saturated species. Selectivity 
for ring opening is related to die propensity for cleavage of a ring bond which 
results in product molecules having an equivalait nmnber of carbon atoms and at 
least one less ring than the original molecule, rather than cleavage of a bond which 

25 results in a product molecule having fewer carbons than the original molecule. A 
perfectiy selective ring opening process would give only ring bond cleavage to 
produce molecides having an equivalent nimiber of carbon atoms and at least one 
less ring than the original molecule. For example, firom a hydrocarbon stream 
containing only single ring naphthenes of n number of carbon atoms, tlie product 

30 fi*om perfect ring opening selecri\aty would contain only paraffins of n number of 
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carbon atoms. Thus, the greater number of product molecules from a ring opemng 
process having an equivalent manber of carbon atoms and at least one less ring lhan 
the original molecule, the greater fee selectivity for ring opening. 

[0005] Conventional ring opening processes use a wide range of catalysts, 
including bifunctional metal hydrogenation-acidic catalysts. Distillate quality may 
be improved by controlling paring isomerizations and subsequent deaikylations in 
order to Umit the nuinber of lower cetane, highly bran^^^ 
from conventional ring opening. 

[0006] Some conventional processes for forming an improved distillate employ 
Ir catalysts for opening naphthene ring compomids. Even though distillates such as 
diesel, jet fuel, and heating oil contain at least about 20 voL%, generally about 20 
to about 40 vol.% of Q naphthenes, the conventional processes open Q naphthenes 
at low rates, if at all. This problem is exacerbated with hydrotreated distiUates 
because they have a still greater concentration of naphfhenes. hi order to 
overcome tins problem of poor opening of Ce naphthene rings, U.S. Patent No. 
5,763,73 1 teaches using Ir along with at least one acidic co-catalyst, preferably a 
zlohte, to isomerize the Q n^hthene rings to Cs rings. However, since the 
resulting C5 ring structure wiU typically bear mcreased numbers of substituents, 
such as alkyl groups, this approach increases the volume of branched paraffins 
upon ring opening. In addition, tiie presence of an acidic co-catalyst has a tendency 
to isomerize any naturally present linear paraffin mto aT>ranched paraffin, often 

resulting in a ling-opened product that has an undesirably high concentration of 

branched paraffins. Moreover, Ihe process results m increased hght saturated gas 
production, particularly at high temperature. 

■ [0007] Another conventional process, set forth in U.S. Patent No. 5,8 1 1,624, 
uses Ir along with at least certain transition metals for isomeriziag Ce naphthene 
/- -r^TKTe «nrh thp Tr r.nmT>onent being particularly effective for 
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opening the C, naphthene rings. However, the product contains a significant 
concenlxation of branched paraffins, which leads to a lower product cetane number. 
There is still a need, therefore, for a ring opening process and catalyst which 
provide a much higher degree of linear paraffin functionaHty in the ring opened 
5 product, and at the same time, provide a greater volume of product in the distillate 
range. 

STTMM ARY OF THF. TT>JVENnON 

1 0 [0008] A ring opening catalyst and process are provided to form a reduced 
number of ring sttuctores in the product stream, minimize dealkylation of any 
pendant substitaents optionally present on the ring structure, and increase volume 
of the product In particular, the invention is beneficial in that it provides a 
relatively high content of more linear paraffins in the product In one embodiment, 

1 5 the invention provides paraffins having a more linear (i.e., less branchy) character 
than conventional methods and catalysts using feeds containing both C5 and Ce 
naphthene ring compositions having tertiary carbons. The ring-opened product 
provides a diesel or jet fiiel product, which has a high degree of linear and less 
branched paraffins, particularly one having a high degree of linear and less 

20 branched C9* paraffins. This translates to a fiiel product which is high in cetane 
number, a highly sought after-fiiel quality. 

[0009] Specifically, a catalyst is provided which is highly selective in converting 
naphthene feed into paraffin product containing a substantial quantity of linear and 
25 less branched paraffins. The invention is particularly beneficial in converting 
naphthene feed containing a Ce naphthene ring-containing composition, wherein 
the Ce ring contains at least one tertiary carbon, to a product containing a 
substantial quantity of linear and less branched paraffin compounds. 
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[0010] In one embodiment there is provided a polymetallic Group Vm 
naphthene ring opening catalyst. The naphthene ring opening catalyst preferably 
comprises Ir in combination with at least one other Group Vm metal selected from 
Pt, Ru, and Rh, in an amount effective for opening a naphthene rii^-containing 
compound at a tertiary carbon site. In a preferred embodiment, the other Group 
vm metal is Pt. The ring opening catalyst may be supported on a refractory 
inorganic oxide selected from the group consisting of alumina, silica, zirconia, 
titania, chromia, zinc oxide, magnesia, thoria, bona, silica-alumina, silica- 
magnesia, cluonua-alimaina, "alumiDa-boria, siUca-m^ and combinations 

thereof. 



[0011] The It and the other, or "second". Group Vm metal are present in an 
amount effective for opening a naphthene rii^ at a tertiary carbon site. Desirably, 
It is present in a range of about 0.1 to about 2.0 wt%, preferably iii a range of 

1 5 about 0.3 to about 1.5 wt%, more preferably in a range of about 0.5 to about 1 .2 
wt.%, and most preferably ru a range of about 0. to about I.O wt.%, based on the 
weight of the ring opening catalyst It is also desirable that the second Group VHI 
metal be present in a range of about 0.001 to about 2.0 wt.%, preferably in a range 
of about 0.005 to about 1.5 wt%, more preferably in a range of about 0.007 to 

20 about 1.3 wt.%, and most preferably in a range of about 0.01 to about 1.0 wt.%, 
based on the weight of the ring opening catalyst. 



[0012] In another embodiment, there is provided a process for opening 
naphthene rings of naphthene ring-containing compounds in a feed stream. The 

25 process comprises providing a naphthene ring-containing feed stream; and 

contacting the naphthene ling-containing feed stream \vith a catalyst comprising Ir 
in combination with a second Group VIH metal selected from Pt, Rh, Ru, and 
combinations thereof in an amount effective for opening a naphthene ring- 
containing compound at a tertiary carbon site under effective ring opening 

30 conditions. 
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[0013] In a preferred embodiment the ring opaaing process further comprises 
liBg opening naphthene rings having at least one tertiary carbon site at the tertiary 
carbon site, thereby forming a ring opened product having increased linear paraffin 
functionality relative to liiat of the feed stream. The process may also include 
5 recovering the ring-opened product The ring opened product may be used directly, 
for example, as a diesel fuel, jet fuel, gas oil, and heating oil, and it may also be 
blended with other petroleum streams for use as a diesel fuel jet fuel, gas oil, and 
heating oil. Preferably, tiie ring opened product is blended with a petroleum stream 
having a boiling point ranging from about 175°C to about 600°C, wherein die blend 
10 has a cetane number of at least about 40. 

[0014] Ring opening may be carried out at a temperature rangiag from about 
150°C to about 400°C; a total pressure ranging from about 100 to about 3,000 psig, 
a Uquid hourly space velocity ranging from about 0.1 to about 10 V/Y/Hi, and a 
15 hydrogen treat gas rate ranging from about 200 to about 10,000 standard cubic feet 
per barrel (SCF/B). The feed stream in &e ring opening process is preferably a 
petroleum feed stream which has a boiUng point of from about 175°C to about 
600°C, more preferably about 175°C to about 500°C. 

20 [0015] Preferably, the preferred ring opening catalysts are capable of ring 

opening at least about 20% of an amount of 1,2-dimethylcyclohexane at tixe tertiary 
carbon site. More preferably, the ring opening catalysts are capable of ring opening 
between about 30% and about 40% of the amount of 1,2-dimefhylcyclohexane at 
the tertiary carbon site. . ... - 

25 

[001 6] The invention further relates to a product made by the ring opening 
process. The product is higher in linear paraffin functionality compared to 
conventional ring opened products. 
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nFTAn.ED D E^ri^TPTlON OF nTRV mVENTION 

[0017] The invention is based in part on the discovery of ring opening catalyst 
compositions nsefol in processes for forming high cetane nmnber distillate having a 
desirable concentration of compomids, which have a high degree of hnear paraffin 
fimctionaUty. More particularly, &e catalyst compositions are useful for opening 
rings at tertiary carbon sites m naphthene or naphthenic ring-containing distillates 
in order to fonn producte mth a high de^ee of linear paraffin functionality. THe 
compositions are especially effective in opening compounds containing C5 and Q 
naphtiiene rings bearing at least one tertiary carbon. 

[001 8] As defined herein, compounds having a high degree of linear paraffin 
functionary have fewer paraffin (i.e., alkyl) side chains and longer paraffin 
substituents. According to this definition, hnear paraffins, particularly Co-C^o 
hnear paraffins, are the most hi^y desirable compounds for use as a diesel or jet 
fuel product, though other compounds having a relatively high degree of hnear 
paraffin functionahty are also acceptable. For example, a cycloalkane ring 
compound having a single, linear alkyl side chain has relatively high paraffin 
fimctionalily compared to a cycloalkane ring havmg multiple side chains. By tiie 
same definition, an aromatic ring compound havmg a single, hnear alkyl side chain 
has a relatively high hnear paraffin fimctionahty compared to an aromatic ring 
compoimd having multiple side chains. 

[00191 As defined herein, a tertiary carbon (3° carbon) is the site of location of a 
substituent group on a naphthenic ring compomid. Tertiary carbons are represented 
by such structural features, for example, as 

;H(R) — CHz— and — CH(R) --CH(R)— where R is a carbon-containing 
chain, preferably a Ci-Cio carbon-containing chain. 
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[0020] Opening the ring structure of naphthenic ring compounds at the tertiary 
carbon site, known as tertiary bond cleavage, is particularly desirable for Ce 
naphthenic rings. Tertiary bond cleavage is advantageous because isomerization of 
the Co rings to C5 rings is abated so that the ring-opened product wifl have a high 
5 degree of linear paraffin functionality. 

[0021] As used herein, a naphthene or a naphthenic ring-containing composition 
refers to a cycloalkane or a composition containing at least one cycloalkane ring in 
its structiare. For example, the term can refer to eitiier a C5 or Q ring-membered 

1 0 cycloparaffin. The cycloparaffin can also include various side chains, particularly 
one or more alkyl side chains of 1-10 carbons. In addition, the cycloparaffin can be 
attached or fused to other ring stiiictures, forming two or three membered ring 
compounds. The additional ring members can be satinrated or unsaturated, as long 
as at least one ring of the complete stincture contains a tertiary carbon. Examples 

15 of two and Ihree membered ring stiuctiires that can contain a tertiary carbon include 
saturated or partiaUy saturated naphthalenes, indenes, fiuorenes, phenanthrenes, 
anthracenes, acenaphthalenes, and biphenylenes. 

[0022] A feedstream which is to be ring opened wiU typically contain a mix of 
20 hydrocarbons having one or more of the naphthene ring-containing compositions, 
and die naphthene ring-containing compositions preferably contain at least one 
aikyl substitiient Preferably, the feedstieam will comprise at least 5 vol.% of at 
least one naphtiienic ring-containing compomd more preferably at least 25 wt.%, 
. most preferably at least 50 wt.%. Typically the feedstieam will comprise firom 
25 about 5 to abovrt 85 vol.% of at least one naphthenic ring-containing compound, 
based on the volume of the feedstream. 

[0023] In a more preferred embodiment, the hydrocarbon containing the 
naphthene ring compositions that are to be opened will include C5 and €5 
30 nanhthene rine compounds that do not include additional ring members. Non- 
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limitina examples of these compounds iBclude methylcyclopentaaes, 
elhvlcyclopentanes. propyicyclopentaBes, butylcyclopentanes. pentylcyclopentanes, 
metiivlcyclohexanes, ethylcyclohexanes, pxopyicyciohexanes, butylcyclohexanes, 
and pent^icyclohexanes. Preferably, the Cs and Q nng naphthene ring compounds 
contain alkyl substituents. 

[0024] Naphthenic ring-containing compounds are fomd in a mde variety of 

„ , ^^1. , oi^^=,TT,c hmlme in the distillate range. These 



streams will'^icaUy include a variety of chemical compounds, includhig multi- 
ring compositions. Preferably, Ms invention uses a petroleum feed stream havmg a 
boiling point ranging from about 175°C to about 600°C. Examples of such a feed 

stream include diesel fuel, jet fuel, heating oil, gas oil, and Hght cycle oil. Gas od 

includes vacuum gas oil boiling in the range of from about 340°C to about 565°C, 
■ which is typically derived from vacuum distillation of crude oil, or it can be 

obtained by conversion of products such as coker gas oil or heavy cat cycle oil. 

Other feed streams can also be used if appropriately pre-treated. These streams 

include chemical feed streams and lube streams. 

[0025] The preferred naphthene ring opening catalysts are polymetallic Group 
Vm noble metal catalysts. Preferred.as the polymetaUic Group Vm noble metal 
catalysts of this invention are catalysts, which comprise Ir in combination with Pt, 
Rh, and Ru, or mixtures thereof. Preferred polymetaUic Group VHI noble metal 
catalysts are Pt-Ir, Rh-Ir, and Ru-Ir. Pt-Ir and Rh-Ir are more preferred, and Pt-Ir is 
most preferred. The Ir content of these catalysts may range from about 0. 1 to about 
0 ^vt %. preferably about 0.3 to about 1.5 wt.%, more preferably about 0.5 to about 
1.2 wt.%, and most preferably about 0.5 to about 1.0 wt%. The content of the 
second Group VDI metal in a bimetallic composition may range from about 0.001 
to about 2.0 wt%, preferably about 0.005 to about 1.5 wt.%, more preferably about 
0.007 to about 1.3 wt.%, and most preferably about 0.01 to about 1 wL%. Preferred 

o/.^ ,-^^1,,^^ n m Mp-O 9Ir O.O5Me-0.9h:, 0. lMe-0.9h-, 

caiaiyst compo&iuuna v""-- -l^v^— - — - ■ 
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0.3Me-0-9Ir, and 0.6Me-0.9Ir where Me is at least one of Pt, Riu and Ru. 



[0026] The naphthene ring opening catalysts may be supported on a substrate 
material. Preferred support materials include refractory inorganic oxide selected 
5 from the group of alumina, silica, zirconia, titania, chromia, zinc oxide, magnesia, 
thoria, boria, silica-alumina, silica-magnesia, chromia-alumina, aliunina-boria, 
silica-zirconia, and combiaations thereof Alumina supports are particularly 
. prefen-ed. Supports having an essential absence of acid character, such as alinnina, 
are preferred, 

10 

[0027] The naphthene ring opening catalysts may be prepared by conventional 
techniques utilizing incipient wetness or the absorption of the metal precursors 
from excess aqueous solution. Suitable metal precursors are the halides, the 
halometallic acids, nitrates, nitrites, amine halo complexes, amine nitrate 

15 complexes, and amine nitrite complexes. Metals deposition from organic solvents 
may also be practiced using organometallic complexes such acetylacetonates, 
carbonyls and the like. Decomposition of the deposited complexes may be 
accomplished thermally in an air, hydrogen, or inen atmosphere by conventional 
heating, or by the application of microwave or ultrasonic radiation. The naphthene 

20 ring opening catalysts may or may not contain CI depending on the method of 
synthesis. 

[0028] The naphthene ring opening catalysts can be activated accordiag to 
conventional methods. For example, they may be activated by dr^dng in air at a 
25 temperature ranging from about ambient temperature to about 300°C for about 4 to 
about 24 hours and reducing iD-flowirig hydrogen, preferably in situ, at a 
temperature rangiag from about 200°C to about 600°C for about 0.5 to about 
24 hours. Drying at temperatures below 200''C and reducing at about 350''C to 
about 50G°C for about 4 hours are prefeixed. 

30 
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[00291 As discussed, the preferred ring openmg catalyst compositions are useful 
in processes for forming high cetane number distillate having a desirable 
concentiation of compounds which have a hidi degree of linear parafBn 
functionalitv. To convert naphthene compounds to paraffins, a catalytically 
effective amount of at least one catalyst of this invention is contacted >vith an 
appropriate feed stream under catalytic ring opening conditions. Preferred 
conditions are such that the and Q rings of the naphthene compounds are 
opened when contacted >vith tiie catalyst While conventional process condrtions 
xnay be employed, preferred process conditions include a temperature from about 
150°C to about 400»C. preferably from about 225°C to about SSCC, a total pressure 
ranging from about 100 to about 3.000 psig, preferably from about 100 to about 
2 ooo psig, more preferably about 100 to about 1,500 psig, a Hquid hourly space 
velocity r"^ging from about 0.1 to about 10, preferably from about 0.5 to about 5 
V/V/Hr; and a hydrogen treat gas rate of about 200 to about 10,000 SCF/B, 
preferably about 500 to about 5000 SCF/B. SCF/B means standard cubic feet per 
barrel, and V/V/Hx means volume of feed per volume of catalyst per hour. 

[0030] Conventional ring opening reactors may be used in the ring opening 
process of this invention. A fixed bed reactor system wherem the feedstock is 
passed over one or more stationary beds of catalyst is preferred. Multiple reactors 
may be used in eitiier series or parallel configurations. 

[00311 Hydrogen gas (i.e., a hydrogen-containing treat gas) conducted to the 
reaction process may flow over the catalyst either in a direction co-current or 
countercurrent with the feedstock. Hydrogen is supplied to saturate the carbons 
where ring opening occurs, and it is preferably suppUed in stoichiometric excess. 
In one embodiment, the reactor effluent is passed to a separation zone where 
hydrogen that has not been consumed in the reaction process is separated and 
suitably recycled to the reaction zone together with make-up hydrogen as needed. 
T„ ...t... .^hodtment. the treat gas is employed in a "once-through" arrangement 
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and is tiierefore not recycled. 

[0032] CoxmtercTirrent reactors incoiporating the prefeired catalyst are a 
preferred embodiment since properly constructed coimtercuirent reactors can 
provide better contacting of reactants and treat gas. They are particularly beneficial 
in maintaining a low HoS partial pressure. Such a reactor is disclosed in U.S. 
Patent No. 5,942,197, the description of which is incoiporated herein by reference. 

This preferred design is less susceptible to floo<iing than conventional 

countercuirent reactors because it incorporates passageways to bypass one or more 
catalyst beds. " Bypass of at least a portion of the hydrogen treat gas is designed to 
occur when the pressure differential across the catalyst bed increases to a 
predefined threshold correlating to a near-flood condition. When gas b^^passes &e 
catalyst bed, die pressure differential across the catalyst bed decreases to permit the 
downward flow of liquid. When the pressure differential faUs below a predefined 
level, the bypassing of gas is automatically stopped. 

[0033] It is preferred that the feed streams be hydrotreated prior to ring opening 
to reduce sulfin- content to low levels, preferably less than about 10 ppm, more 
preferably less &an about 1 ppm, most preferably less than about 0.1 ppm. This is 
particularly desirable when high sulfiu" feeds are used in the ring opening process, 
the ring opening catalysts are sensitive to high sulfur content. 



smce 



[0034] Hydrotreating to reduce sulfur is referred to herein as 
hydrodesulfiirization. . Conventional hydrodesulfimzation catalysts may be used to 
reduce the sulfiir content of feed containing sulfur compounds to the preferred 



levels. 



[0035] Non-limiting examples of conventional hydrodesulfimzation catalysts 
which may be used to reduce the sulfur content of the feed include catalysts which 
^cp Oroim VT Tnetal with one or more Group VTH metals as promoters, the 
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petals b.m. on a iefra«ory ^port. Conventional hydrode^ltai^tion processes 
^ conducted at pressnxes rongmg from about 50 ,o abon, 2000 ps,g. pref^ably 
from about 100 to about 1500 psig; liquid hourly space velocities rangmg from 
about 0 .2 to about 6 VW/Hr. and a hydrogen gas rate of about 200 to about 5000 

SCF/B. 

,0036] Sulfur sorbents. including regenerable sulfur sotbents. may also be used 
toreducetttesulfurcontentoftbcfeei Thesematetialsarecapableof 

the easy sulfur compounds, particularly hydrogen sulfide, under relatively maid 
sulfur removing conditions. Examples of sulfur sorbents include metal oxides. 
These systems are disclosed m U.S. Pat No. 5.928.498; 5.925.239; 5.935.420; 
4003 823- U.S.Pat.No. 4.007.109; U.S.PatNo. 4.087.348; U.S.Pal.No. . 

4".087'.349'; U.S. Pat. No. 4.119.528; and U.S. Pat. No. 4.127.470 aE of which are 
incoiporated by reference herein. 

• 10037] If significant aromatic compounds are present in the feed stream, it is 
desirable to saturate them. It is preferred that the feedstock contain less than about 
20 wt% total aromatic compounds, preferably less than about 15 wt%, more 
preferably less than about 10 wt.%. 

[00381 The aromatics saturation (ASAT) process may be performed in one or a 
series of reactors either before or after the ring opening process, since either mode 
will generaUy result in a product having increased cetane number due to the 
lowenng of the aromatic content. Saturation of aromatics in the feed is preferred, 
5 however, praor to tixe ring opening process. This is because saturation of aromatrcs 
tends to result in the formation of additional naphthenes, providing additional 
n^aterial that can ultimately be converted using the catalyst of tins mvenhon to form 
oompoundshavingahigherdegreeoflinearparaffinfunctionality. Inanother 

preferred embodiment, a hydxodesulfinization reactor wHl be placed m front of 
. > .u. „..^oti.c =«^,ration reactor so that the catalyst in the aromatics 

)0 (i.e., up^uooox^y L 
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saturation reactor wiU contact low sulfur feedstock. 
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[0039] Any conventional aromatic saturation process may be used to 
hydrogenate the aromatic lings of Hie aromatic compounds in comiection with this 
embodiment Typical conditions for sati^rating aromatics-containing feedstocks 
include temperatures from about 150°C to about 400°^ pressures from about 100 
to about 2000 psig, space velocities from about 0.4 to about 6 V/V/Hr, and 
hydrogen gas rates from about 200 to 6000 standard cubic feet per barrel (SCF/B). 
Lower temperatures are fomd to be most" desirable for the hydrogenation or 
) saturation reactions since nonselective cracking reactions thereby are minimized. 
Selective saturation of the aromatics results in a saturated intennediate from the 
hydrogenation zone usually containing less than 15 weight % total aromatics. 

{0040] Ring opening may also be practiced in a variety of stacked or mixed bed 
configurations along wilh aromatics saturation and sulfur removal. Hie stacked 
and mixed beds may occupy a single reactor or multiple reactors, and may take 
place in either co-current or comitercurrent mode. The stacking of fixed beds of 
catalyst refers to Ihe sequence of beds disposed with respect to the direction of flow 
of the Hquid phase reactants. In a single reactor, such beds would be vertically 
disposed from top to bottom. In a series of reaction vessels the sequence is defined 
by the flow of the Uquid phase. 

[00411 A reactor may, for example, be loaded to have stacked layers of a suMir 
. reducing catalyst (e.g., a hydrodesulfinization (HDS) catalyst); a sulfur sorbent 
(sorbent); an aromatics satiiration (ASAT) catalyst; and/or a ring opening (RO) 
catalyst. Specific examples of stacked catalyst airangemenis include: 
HDS/ASAT/sorbent/RO; HDS/RO/ASAT; sorbent/ASAT/RO; and 
HDS/sorbent/AS AT/RO. Preferred mixed bed catalyst arrangements include: RO + 
ASAT; sorbent + RO; sorbent + ASAT + RO; and sorbent + HDS + RO. 
Conditions favoring the ring opening function are preferred. 
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1004''] The ring opened prodnct of this invention may be recovered after the 
final processing step, i.e., after nng opemng, after an optional .4SAT final step, or 
after any further optional treatment step, according to conventional me&ods. The 
recovered product may be used directly, for example, as a diesel fuel, jet fael, gas 
oil, and heating oil. It may also be blended v^th other petroleum products and 
used, for example, as a diesel fuel, jet fa^ gas oil, and heating oil. When blended, 
it is prefeixed that the ring opened product be blended with a petrolemn stream 
having a boiling point_^ging from about 175°^^^^^^^ 
has a cetane number of at least about 40. 

[00431 The Periodic Table of the Elements referred to herein appears on the 
inside cover page of the Merck Index, 12th Ed., Merck & Co.. 1996. 

[00441 This invention vvill be better understood mth reference to the following 
examples, which are intended to illustrate specific embodiments within the overaU 
scope of the invention as claimed.. 

QKNERAJ Tr.XPERIM ENTAL 

[0045] In the examples, tertiary bond cleavage (%) is determined by dividing the 
wt.% yield of ring opened products involvmg tertiary centers by the total wt.% 
yield of all ring opened products and multiplying by 100. For example, 
methylcyclohexane ("MCH") tertiary bond cleavage in the examples = 100 x (wt.% 
n-heptane / (wt.% n-heptane + vsrt.% isoheptanes)); for 1,2-dimethylcyciohexane 
(" 1,2 DMCH") tertiary bond cleavage = 100 x ((wt.% n-octane + wt.% 3- 
metiiylheptane) / (wt.% n-octane + wt.% S-methylheptane + wt.% 2,3- 
dimethylhexane + wt.% 3,4-dimethylhexane)). Metal loadings are in weight 
percent, based on the weight of ihe catalyst For example, a catalyst of 0.9 wt% Ir 
and 0.9 wt.% Ft, based on the weight of the catalyst is written as 0.9 Ir-0.9 Pt. 
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"Example 1 

[0046] A 0.9 Ir catalyst was prepared by impregnating 50g of reformer grade 
alumina extrudates with 28 ml of chlaroiridic solution contaming 16 mg of Ir/ml. 
The catalyst was dried at 120°C for 24 hr and reduced at 450°C for 3 hr. The 
catalyst was nsed to ring open methylcyclohexane under the foDowing conditions: 
300°C, 500 psig, 10 W/H/W, H^/Oil = 6. The results are shown in Table 1; 
products were identified by GC/MS. 



10 F.Yamples 2-4 

[0047] nie catalyst of Example 1 was used to ring open each of the three 
isomeric forms of dimethylcyclohexane, whose substitution pattern is more 
representative of that found in distillate range slieams, under the following 
15 conditions: 325°Q 500 psig, 10 WflVW, Ha/Oil = 6. IHe results are shown in 
Table 1. 



Example 5 



20 [0048] The catalyst of Example 1 was used to ring open 1,2,4- 

trimethylcyclohexane (" 1,2,4-TMCH"), whose substitution pattern is highly 
representative of that found in distillate range streams, under the foUowing 
_™^.-^^«c. -.-y-sor ^00 T^sia. 2 W/HW, Hz/Oil = 6. The results are shown h 
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Table 1 



Example 


Feed 


g 


1 


MCH 




2 


1,2-DMCH 




—\ 


1,3-DMCH 




4 


1,4-DMCH 




5 . . . 


1,2,4-TMCH 





Tertiary Bond 
Cleavage, % 




ro0491 The data in Table 1 indicate that at about the same general range of 
conversion ^e degree of tertiary bond cleavage over Ir increases fronx about 5% of 
the total to about 50%. THe trend coincides wifli the number of tertiary centers m 



the feed. 
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Kxample 6 

[0050] The procedure of Example 1 was used to prepare a 0.0 lPt-0.9Ir catalyst 
by impregnating reformer grade alumina extrudates with stock solutions of 
chloroixidic and chloroplatinic acids (28 mg Pt/ml). H^e catalyst was dned and 
reduced as in Exainple 1. The 0.01Pt-0.9Ir catalyst was used to rmg open 1,2- 
dimethylcyciohexane, and the results appear in Table 2. 



20 



F.-xample 7 

[00511 The procedure of Example 1 was used to prepare a 0.05Pt-0.9Ir catalyst 
by impregnating reformer grade almnina extrudates with stock solutions of 
chloroiridic and chloroplatinic acids. THe catalyst was dried and reduced as m 

Example 1. The 0-.05Pt-0.9h. catalyst_was used to rmg open 1,2- 

dimethylcyclohexane, and the results are shown in Table 2. 
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Example 8 



[0052] The procedure of Exaiapie 1 was used to prepare a 0. lPt-0.9Ir catalyst by 
impregnating reformer grade alunmia extrudates with stock solutions of 
chloroiiidic and chloroplatinic acids (28 mg Pt/ml). The catalyst was dried and 
reduced as in Exanq)le 1. The 0. lPt-0.9Ir catalyst was used to ring open 1,2- 
dimethyicyclohexane, and the results appear in Table 2. 



y.xample 9 



[0053] The procedure of Example 1 was used to prepare a 0.6Pt-0.9Ir catalyst by 
impregaating reformer grade alumina extrudates with stock solutions of 
chloroiridic and chloroplatinic acids (28 mg Pt/ml). Tlie catalyst was dried and 
reduced as in Example 1 . The 0.6Pt-0.9Ir catalyst was used to ring open 1,2- 
dimethylcyclohexane, and tihe results are shown in Table 2. 



ExamolelO 



[0054] The procedure of Example 1 was used to prepare a 0.9Pt-0.9Ir catalyst by 
impregnating reformer grade alumina extrudates with stock solutions of 
chlorokidic and chloroplatinic acids (28 mg Pt/ml). The catalyst was dried and 
reduced as in Example 1. The 0.9Pt-0.9Ir catalyst was used to ring open 1,2- 
dimethylcyclohexane, and the results appear in Table 2. 



F.xample 11 



[0055] The procedure of Example 1 was used to prepare a 1.3Pt-0.9Ir catalyst by 

impregnating reformer grade alumina extrudates witii stock solutions of 

chloroiridic and chloroplatinic acids (28 mg Pt/mi). The catalyst was dried and 
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reduced as m Example 1. The 1.3Pt-0.9Ir catalyst was used to ring open 1,2- 
dimethylcyclohexane, and tiie results appear in Table 2. 
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Table 2 

(300°C; 500 psig; 10 W/HAV; Hj/Oil = 6) 



Example 



Catalyst 



Conversion, 
Wt.% 



Ring 
Opening 
Yield, Wt.% 



Tertiary 
Bond 
Cleavage, % 

.18 




[0056] The data reveal a substantial increase in the degree of tertiary bond 
cleavage for the Pt-Ir catalysts of this invention over the Ir only catalyst of Example 
1. The degree of improvement for reaction at the tertiary center ranges from about 
50% to about 95% and is independent of catalyst composition over the range 
0 OlPt-1 3Pt. TTiere is a decrease in activiiy with increasing Pt loading, which can 
be compensated by increasing reaction temperature. The increase in both activity 
and tertiary bond selectivity at the low Pt loadings of Examples 6,7, and 8 
highUghts the added value of these bnnetallic catalysts. 



F.xamole 12 

[0057] A 0. lRh-0.9Ir catalyst was prepared as described in Example 8 by 
substituting a Rh stock solution for Pt The catalyst was used to ring open 1,2-.. 
dimethylcyclohexane. The conversion and tertiary bond cleavage are shown in 
-r„M. . ..H ..^.«rP.d to that of Examples 2 and 8. The 0.1 Rh - 0.9 Ir catalyst 
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shows a substantial increase in the degree of tertiary bond cleavage vs. the 0.9 Ir 
catalyst 

Table 3 



Example 


Conversion, Wt.% 


Tertiary Bond 
Cleavage, % 


2 


55 


18 


8 


33 1 29 


12 


37 
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Example 13 

[0058] A 0.9Pd-0.9Ir catalyst was prepared as described in Example 10 except a 
Pd stock solution was substituted for the Ft solution. The catalyst was activated as 
described and tested in the ring opening of L2-dimethylcyclohexane. The 0.9Pd- 
0.9Ir catalyst had a conversion of 4%, and the selectivity for tertiary bond cleavage 
was equal to that of 0.9fr only, 18%. This Pd-h: catalyst offers no tertiary bond 
cleavage credit over Ir only. All h-Group Vm catalysts are therefore not equally 
ejQfective for selective ring opening. 



Example 14 

20 [0059] The procedure of Example 5 was repeated where 1,2,4- 

ttimelhyicyclohexane was subjected to ring opening over a 0.9Pt-0.9h: catalyst 
The results are. shown in Table 4. This example iUustirates that catalysts of this 
invention have improved propensity for teriary bond cleavage over prior art 
catalysts even witii highly substituted rings. 
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Table 4 



Example 


Conversion, Wt.% 


Tertiary Bond 
Cleavage, % 


5 


^^^^^ 


56 


14 


56 


75 



F.xomple 15 



[0060] The procedure of Example 3 was repeated losing a 0.1Pt-0.9Ir catalyst. 
The results are summarized in Table 5. 



10 



Table 5 




Conversion, Wt.% 


Tertiary Bond 


Example 


Cleavage* % 


3 


49 


24 


15 


72 


36 



15 



Example 16 

[0061] The catalyst of Example 1 was used to ring open 
1,2,4-liimetiiylcyclohexane at 300OC, 500 psig, 1 LHSV, 5000 SCF/B hydrogen. 
The results are summarized in Table 6. 



20 F.Yn moles 17-20 



[0062] The catalysts of Examples 8- 1 1 were used to ring open 

1,2,4-trimethylcyclohexaae at the conditions of Example 16. The results ^pear in 

Table 6. 
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Table 6 

(300°C; 500 psig; 1 W/HAV; Hj/Oil + 6) 



Example 


Catalyst 


Conversion, 
Wt.% 


Ring 
Opening 
Yield, Wt.% 


Tertiary 
Bond 
Cleavage, % 


16 


0.91r 


39 


22 


' 40 


17 


0.1Pt-0.91r 


61 


34 


77 


18 


0.6Pt-0.91r 


39 


23 


77 




0.9Pt-0.91r. .- 


.... 56 . 


28 


75 


20 


1.3Pt-0.91r 


46 


22 


78 



[00631 The data iUustrate that the bimetallic catalysts of this invention have a 
substantially higher preference for tertiary bond cleavage than the Ir only catalyst 
leadii^ to a product rich in mono- and dibianched nonanes and lean in tribranched 
C9 paraffins. 
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Preparation of Saturated Cycl ic Feedstock A 

[0064] An aromatics solvent stream containing primarily Cn and Cn 
naphthalenes with an API gravity of 10 was hydrogenated over 180 g (250 cc) of a 
0.6 wt% Pt on alumina catalyst The catalyst was prereduced in flowing hydrogen 
at 750*1? for 16 hr at atmospheric pressure. The aromatics solvent feedstock was 
passed over the catalyst at 1800 psig, 550°F, 1 LHSV, 7000 SCF/B hydrogen treat 
aas rate. The saturated product had an API gravity of 3 1 .6 and contained less than 
0.1 wt.% aromatics and greater than 99 wL% naphthenes. 

Rxample 21 

[0065] A reactor was charged with the 0.9 wt.% Ji catalyst of Example 1. 
Saturated cycHc feedstock A was processed over the b catalyst at 600°F, 650 psig, 
3000 SCF/B H2, 0.5 LHSV. Key results from this lun are summarized in Table 7. 
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[0066] 



Rxamole 22 

A reactor was charged with the 0.05 wt.% Pt- 0.9 wt.% Ir catalyst of 
Example 7. Saturated cyclic feedstock A was processed over the Pt-Ir catalyst at 
600°F, 650 psig, 3000 SCF/B Ha, 0.5 LHSV. Key results from tbis run are 
arized in Table 7. 

Table 7 



su 



ifiii 



Ring Opening Of Saturated Cyclic Feedstock A 
Over 0.9Ir and Q.05Pt-Q.9Ir Catalysts 

Catalyst 




[0067] The wt.% yield of totalUquidproductahdof375°F^ distillate is lower 
over the catalyst of Ms invention due to incrementaUy higher gas make. However, 
the volumetric yield of the Pt-Ir catalyst is favored by the higher product API. 
More significantly, the greater degree of ring disappearance over the Pt-Ir catalyst 
at comparable conversion as measured by distillate yield demonstrates higher 
activity for the Pt-h catalyst relative to Ir only. 
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[00681 Having now fuUy described Ihis invention, it will be appreciated by those 

skilled in ihe art that the invention can be performed within a wide range of 

parameters within what is claimed, mthout departing from the spirit and scope of 
the invention. 
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CLAIMS; 

1 . A naphthene ring opening catalyst comprising Ir in combination with 
at least one other Group Vm metal selected from Pt, Rh, and Ru in an amount 

5 effective for opening a naphthene ring-containing confound at a tertiary carbon site. 

2. The naphthene ring opening catalyst of claim 1 wherein Ir is present in 
.... a range of about 0.1 to about 2,0 wt.%, based on the weight of the catalyst. 

10 3 . The naphthene ring opening catalyst of claim 1 wherein the other 

Group vm metal is present m a range of about 0.001 to about 2.0 wt%, based on the 
weight of the catalyst. 

4. The naphthene ring opening catalyst of claim 1 wherein the other 
15 Group vm metal is Pt. 

5. The naphthene ring opening catalyst of claim 1 wherem the catalyst is 
supported on at least one refractory inorganic oxide selected from alumina, sihca, 
zirconia, titania, chromia, zinc oxide, magnesia, thoria, bona, sihca-alumina, sihca- 

20 magnesia, chromia-alumina, alumina-boria, sflica-zarconia. 

6. The naphtheaic ring opening catalyst of claim 5 wherein the support is 
alumina. 

25 7. A process for opening naphthene rings of naphthene ling-containing 

compounds in a feed stream, comprising: 

" providing a naphthene ring-containing feed stream; and 
contacting the naphthene ring-containing feed stream with a catalyst 

Grniro VTQ metal selected from 
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Pt, Rli, and Ru in an amount effective for opening a naphthene ring-containing 
compound at a tertiary carbon site under effective ring opemng conditions. 

8. The process of claim 7 further comprising ring opening at the tertiary 
carbon site, thereby forming a ring opened product having increased hnear parafBn 
functionality relative to that of the feed stream 

9. -nie process of claim 8,furtiier comprising recovering the ring opened 
product. 

10. The process of claim 9 further comprising blending the ring opened 
product with a petroleum stream having a boiling point of about 175°C to about 
600°C, wherein the blend has a cetane number of at least about 40. 

11. The process of claim 7 wherein Ir is present in a range of about 0. 1 to 
about 2.0 wt.%. 

12. The process of claim 1 1 wherein the other Group VIH metal is present 
in a range of about 0.001 to about 2.0 wL%. 

13 . The process of claim 7 wherein the other Group YOI metal is Pt. 



14. The process of claim 7 wherein the naphthene ring opening catalyst is 
. supported on a refractory inorganic oxide selected from alumina, silica, zircqnia. 

25 titania, chromia, zinc oxide, magnesia; fhoria, bona, silica-alumina, sihca-magnesia, 
chromia-aiumina, alumina-boria, silica-zirconia, and combinations thereof. 

15. The process of claim 14 wherein the inorganic oxide is alumina.- - 
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16. The process of claim 7 wherein ring opening is cairied out at a 
temperature of from about 150°C to about 400°C, a total pressure from about 100 to 
about 3,000 psig, a liquid hourly space velocity of about 0. 1 to about 10 VA^/Hr, a 
hydrogen treat gas rate of about 200 to about 10,000 standard cubic feet per barrel 
(SCF/B), and wherein the feed stream is a petroleum feed stream which has a boiling 
point ranging from about 175°C to about 600°C. 

17. The process of claim 16 wherein the petroleum feed stream is at least 
one of diesel fuel, jet fuel, heating oil, vacuum gas oil, and hght cycle oil. 

18. The process of claim 7 wherein the naphthene ring-containing feed 
stream has a sulfur content of less than about 10 ppm and contains less than about 20 
wt.% total aromatic compoimds^ 



15- 19. A product made by the process of claim 9. 



20. A product made by the process of claim 10. 

21. The naphthene ring opening catalyst of claim 1 wherein the catalyst is 
20 capable, when contacted with an amount of l-2dimethylcyclohexane under catalytic 

ring opening conditions, of ring opening at least about 20% of the amount of 1,2- 
dimethylcyclohexane at the tertiary carbon site. 

22. . The catalyst of claim 21 wherein the catalytic ring opening conditions 
25 include a temperature ranging from about 150°C to about 400°C, a total pressure 

ranging from about 100 to about 3,000 psig, a liquid hourly space velocity ranging 
from about 0. 1 to about 10 Y/V/Hx^ and a hydrogen treat gas rate ranging from about 
200 to about 10,000 SCF/B. 
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23 The napiifhene ring opening catalyst of claim 22 wherein flie catalyst is 
capable of ring opening at least about 30% of the amount of 1,2- 
dimethylcyclohexaae at the tertiary carbon site. 

5 24. The naphtfaene ring opening catalyst of claim 23 wherein the catalyst is 

capable of ring opening between about 30% and about 40% of the amomit of 1,2- 
dimethyicyclohexaae at the tertiary carbon site. 

25. The process of claim 7 wherem the catalyst is capable, when contacted 
10 with aa amount of 1,2-dimefhylcyclohexane under catalytic ring opening conditions, 

of ring opening at least about 20% of the amount of 1,2-dimefhylcyclohexane at the 
tertiary carbon site. 

26. The process of claim 25 wherein the catalj^c rmg opening conditions 
1 5 include a temperature rangmg from about 150°C to about 400X, a total pressure 

ranging from about 100 to about 3,000 psig, a liquid hourly space velocity ranging 
from about 0. 1 to about 10 VA^/Hr, and a hydrogen treat gas rate ranging from about 
200 to about 10,000 SCF/B. 

20 27. The process of claim 26 wherein the catalyst is capable of ring opening 

at least about 30% of the amount of 1,2-dimethylcyclohexane at the tertiary carbon 

site. 

28. The process of claim 26 wherein the catalyst is capable of ring opening 
25 between about 30% and about 40% of the amount of 1,2-dimethylcyclohexane at the 
tertiary carbon site. 
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